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Abstract

Testicular tumours are an important group of tumours because the majority are curable. Imaging with computed
tomography is pivotal to patient management but other techniques including magnetic resonance imaging, ultrasound
and plain films are also useful for staging and follow-up. Positron emission tomography with 18-fluoro-2-
deoxyglucose has a growing and unique role in the management of testicular cancer.
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Introduction

Imaging plays a pivotal role in the management of
testicular tumours by establishing the presence and extent
of metastatic disease at the time of diagnosis, by assessing
response to treatment in those with demonstrable
metastatic disease and by evaluating suitability for
resection of residual masses. It is also valuable for
detecting sites of relapse in patients with early disease
on surveillance and in those who have previously been
treated.

The most important imaging techniques utilised in
the management of testicular tumours are computed
tomography (CT) and plain chest radiographs; magnetic
resonance imaging (MRI) and ultrasound also have a
place in certain clinical situations. There is a growing
body of evidence to indicate that positron emission
tomography with 18-fluoro-2-deoxyglucose (18F-FDG-
PET) and PET/CT can provide unique information in well
defined clinical situations.

Incidence and aetiology

The vast majority of testicular tumours are of germ cell
origin and are an important group of neoplasms because
most of them are curable. They are the commonest
malignant tumour in males between the ages of 15 and
45 years but may occur at any age from childhood to the

sixth or seventh decade. In the UK there were 1990 new
cases in 1999[1] .

The incidence of testicular cancer varies widely
depending on geographic distribution and race. The
highest incidence rates are in Denmark, Norway,
Switzerland, Germany and Australia[2,3]; in the USA and
the UK intermediate rates are seen. Over the last three
decades the incidence of testicular cancer has been rising
markedly in all these areas and in the UK approximately
one in 500 males will develop testicular cancer[1,2].

There is a much lower incidence of testicular malig-
nancy in Asia, Africa and in North American blacks[4] .
The aetiology of testicular cancer is largely unknown but
predisposing factors include:

• Amplification of the short arm chromosome 12[5] .

• Cryptorchidism: there is an increased risk of between
5 and 20% compared to the risk in individuals with
normal testes[6] .

• Infantile hernias[5] .

• Carcinomain situ: the majority of patients shown
to have carcinomain situ in the contralateral testis
to the primary tumour will develop a metachronous
tumour; carcinomain situ has an increased incidence
in patients with undescended testes[7] .
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Pathology

Ninety-five percent of testicular tumours are germ cell
tumours (GCT), 4% are lymphoma and 1% are rare
tumours such as Sertoli cell tumours, interstitial (Leydig
cell) tumours and paratesticular embryonal sarcomas.

GCT account for 95% of all testicular neoplasms and
are classified into non-seminomatous germ cell tumours
(NSGCT) (approximately 40–45%), seminomas (approx-
imately 40–45%) and mixed tumours (approximately
10%). There are two main classifications used in the
histopathological examination of testicular tumours, the
World Health Organization (WHO) system[8] and the
British Testicular Tumour Panel classification[9] . The
British Testicular Tumour Panel classification is widely
used in the UK and Australia but the WHO classification
is commonly used in North America and Europe.

Seminoma consists of sheets of large cells with
hyperchromatic nuclei. This tumour is often associated
with infiltration of lymphocytes and trophoblastic giant
cells which produce human chorionic gonadotrophin
(HCG) in 15–20% of tumours.

NSGCT occur at an earlier age, usually in the second
or third decade. These tumours may consist of more than
one cell type which include:

• Malignant teratoma undifferentiated (MTU) (embry-
onal carcinoma).

• Malignant teratoma differentiated (MTD) (teratoma).

• Malignant teratoma intermediate (MTI).

• Malignant teratoma trophoblastic (choriocarcinoma),
yolk sac tumour.

• Malignant teratoma intermediate (mixed GCT).

Elements of trophoblastic teratoma are usually associated
with undifferentiated teratoma, but tumours consisting
of pure trophoblastic teratoma can occur. These latter
tumours metastasise widely and produce very high levels
of HCG. Yolk sac elements produce alpha-fetoprotein
(AFP) and in children this is the most common variety
of GCT. MTI may contain MTU and a variety of other
elements, and mixed GCT may also contain elements of
seminoma[2] .

Serum markers

The normal adult concentration of AFP in the blood is
less than 15 ng/ml but it is raised in up to 65% of
patients with NSGCT. HCG is elevated in up to 60% of
patients with advanced NSGCT tumours but in only 10–
20% of patients with clinical Stage I disease[10]. HCG
may also be elevated in patients with pure seminoma.
Lactate dehydrogenase (LDH) is raised in the majority
of patients with advanced NSGCT and seminoma[10].

Patterns of tumour spread

Testicular tumours spread by lymphatic and vascular
invasion. Lymphatic spread occurs along four to eight
efferent lymphatic channels, which pass from the medi-
astinum of the testis through the internal inguinal ring
accompanying the spermatic cord. These lymphatics join
up to form major lymphatic channels which accompany
the testicular vessels to enter the retroperitoneal lymph
nodes.

Left-sided tumours spread first to the left para-
aortic nodes, just below the renal vessels, and the pre-
aortic nodes (Fig. 1(a)). Right-sided tumours spread
to the interaortico-caval nodes, the precaval nodes and
the right paracaval and retrocaval nodes (Fig. 1(b)).
Contralateral lymph node involvement in the absence of
ipsilateral node involvement is very rare[11]. Crossover
to contralateral nodes is also unusual when ipsilateral
nodes are less than 2 cm in diameter. Rarely the lymphatic
pathway of tumour spread is directly to nodes lateral to
the paracaval para-aortic group, the so-called ‘echelon’
node which was first described by the anatomist Rouvière
(Fig. 2)[12].

(a)

(b)

Figure 1 Two different patients with testicular
tumours. (a) Left-sided seminoma showing nodal
metastasis in the left para-aortic region. (b) Right-
sided non-seminomatous germ cell tumour showing
involvement of interaortico-caval nodes and right
para-aortic nodes.

Direct spread to iliac or inguinal nodes alone is rare and
usually associated with an identifiable anomaly, e.g. cryp-
torchidism. Pelvic nodes may become involved in the
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presence of bulky retroperitoneal lymphadenopathy due
to retrograde flow of lymph resulting from obstruction by
tumour.

Figure 2 Large mass involving the ‘echelon’ node in
a patient with seminoma.

Lymph node disease spreads in a logical manner from
the para-aortic nodes to the retrocrural lymph nodes
and then to the mediastinum. Direct spread through
the diaphragm from the retroperitoneal space leads to
posterior mediastinal and subcarinal nodal involvement
whereas spread via the thoracic duct may lead to
involvement of the supraclavicular nodes and superior
mediastinal prevascular nodes.

The first site of haematogenous spread is usually
the lungs. Multiple small metastases in a peripheral
location are typical features of NSGCT but in seminoma,
pulmonary metastases tend to be larger. Other sites of
disseminated disease include the brain, bone and liver but
any organ may be involved. Brain metastases are more
common in patients with trophoblastic teratomas than any
other histological type[13].

Staging classifications

In 1996 the stage groupings of the American Joint Com-
mittee on Cancer (AJCC) and the Union Internationale
Contre le Cancer (UICC) were revised and this new
system has now been adopted by both organisations[14].
The new system takes account of tumour volume as well
as the sites of metastatic spread. The Royal Marsden
system is used widely in the UK and Europe (Table 1)
and has been approved by the European Organization for
Research and Treatment of Cancer (EORTC)[15,16].

Clinical features and treatment options

Patients with testicular tumours present with a variety of
clinical features including testicular pain, swelling or an
obvious mass. Occasionally, a patient may present with
symptoms due to metastatic disease, e.g. backache due to
retroperitoneal lymphadenopathy.

The vast majority of patients with GCT are now
eminently treatable and cure rates in excess of 95%

can be achieved with multi-agent chemotherapy. Even in
patients with advanced disease, cure can be expected in
70–80% of cases[2,5,16,17].

Table 1 The Royal Marsden Hospital staging classifi-
cation for testicular GCT

Stage Definitions

I No evidence of metastases
IM Rising serum markers with no other evidence of metastases
II Abdominal node metastases
A <2 cm in diameter
B 2–5 cm in diameter
C >5 cm in diameter
III Supradiaphragmatic node metastases
M Mediastinal
N Supraclavicular cervical axillary
O No abdominal node metastases
ABC Node size defined as in Stage II
IV Extralymphatic metastases

Lung
L1 ≤3 metastases
L2 >3 metastases all<2 cm in diameter
L3 >3 metastases, one or more>2 cm in diameter
H+ Liver metastases
Br+ Brain metastases
Bo+ Bone metastases

NSGCT

In the USA, NSGCT Stage I disease, which accounts
for approximately 70% of all NSGCT, is frequently
treated by retroperitoneal lymph node dissection. This
strategy is based on the fact that even with current CT
staging, about 30% of patients judged to be Stage I
preoperatively actually harbour metastatic disease[18].
Retroperitoneal lymphadenectomy is curative in the
majority of patients and surgical mortality is less than
1%. However, serious complications may ensue, such
as haemorrhage and pulmonary emboli in the short
term, and in the longer term ejaculatory failure and
infertility are frequent complications. Recently nerve-
sparing surgical procedures have been introduced but
nevertheless significant problems persist[19].

Another approach to Stage I disease is surveillance in
which patients are followed up rigorously during the first
2 years after diagnosis to identify the 25–30% of patients
who will inevitably relapse with metastatic disease. These
can be cured with chemotherapy[20]. Of these most will
relapse during the first year (80%) and therefore rigorous
follow-up during this period is required. Surveillance
involves frequent monitoring with serum markers, chest
radiographs and CT. The frequency and timing of follow-
up scans is under investigation.

Another option for treatment of Stage I disease
is two courses of chemotherapy immediately after
orchidectomy. The choice of surveillance or adjuvant
chemotherapy is made on the basis of risk factors which
include the presence of vascular invasion on histological
specimens (approximately 50% of cases).
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In order to determine the most appropriate therapy
for patients with metastatic disease these patients may
be divided into high- and low-risk groups. The EORTC
factors which define high risk are[21]:

• Elevated AFP greater than 1000 international units.

• HCG greater than 10,000 international units.

• Bone or liver metastases.

The standard treatment for metastatic NSGCT is
cisplatin-based chemotherapy which has an overall cure
rate of approximately 85%[22]. Staging and tumour
bulk influence the exact choice of treatment regimen,
with more intensive chemotherapy being used for large-
volume disease.

In patients with NSGCT, residual masses follow-
ing chemotherapy are seen in approximately 25% of
cases[23]. These masses frequently contain differentiated
teratoma or may consist purely of fibrosis, necrosis
and haemorrhage; in approximately 15–20% active
malignancy is found. Since the presence of active
residual disease is currently impossible to predict, post-
chemotherapy lymphadenectomy is performed in patients
with retroperitoneal residua greater than 1 cm. Resection
of residual masses at other sites, such as the mediastinum
and lung, is also performed[24].

Although the majority of patients have an excellent
prognosis, about 10–15% with Stage II–IV disease fail
standard combination chemotherapy. This group has
an overall survival rate of between 20 and 30% and
new approaches to therapy including more intensive
chemotherapy schedules as well as high-dose therapy
with haemopoietic stem-cell rescue are being evalu-
ated[25].

Seminoma

The standard treatment for Stage I seminoma (about 70%
of seminomas) is radiotherapy to the para-aortic region.
Results are excellent with only about a 2–3% relapse
rate[26].

In patients with metastatic seminoma radiotherapy
is the standard treatment for small-volume disease,
i.e. Stage IIa and IIb disease, but in patients with
bulky retroperitoneal stage tumours, chemotherapy is the
preferred option.

Imaging

Staging

Computed tomography

The effective use of CT scanning relies on detailed
knowledge of the patterns of tumour spread, the

characteristic appearances of metastatic disease, and
awareness of diagnostic pitfalls.

Lymph node metastases vary in size from a single node
of less than 2 cm in diameter to large masses. Small-
volume nodes are usually of soft tissue density. Most
bulky seminomatous masses are of soft tissue density
but occasionally they contain areas of relatively low
density due to central necrosis. Large-volume masses of
NSGCT are, however, usually heterogeneous containing
haemorrhagic areas as well as areas of cystic change and
necrosis.

The diagnosis of large-volume disease is readily made
on CT, but the diagnosis of small-volume metastatic
disease may be difficult.

The effect of size criteria on diagnostic accuracy of CT
is an important issue and has been addressed in several
studies over the years[27–29]. At the Royal Marsden
Hospital a retroperitoneal node greater than 10 mm
(maximum transverse diameter) is deemed definitely
metastatic, whereas a node between 8 and 10 mm
in diameter is considered suspicious. The distinction
between enlarged and normal nodes is complicated by
the fact that normal nodes are larger in the lower
retroperitoneum than in more cranial CT sections.

The need to verify the presence of a nodal metastasis
will depend upon the overall assessment of patient’s
disease. Serum marker estimations are also helpful in
determining the need for treatment. Elevated serum
markers which fail to regress normally following
orchidectomy indicate Stage IM disease and the patient
will require treatment irrespective of whether the site of
involvement has been identified.

There are various well known pitfalls in the diagnosis
of retroperitoneal lymphadenopathy. These include vas-
cular anomalies:

• Large gonadal veins.

• Duplication of the inferior vena cava.

• Left-sided inferior vena cava.

• Retro-aortic and circumaortic renal vessels.

• Left ascending lumbar communicating veins.

Other problems in the diagnosis of lymphadenopathy
relate to loops of unopacified bowel which may even be
seen between the aorta and inferior vena cava or in the
left para-aortic region.

There is some controversy regarding the need to scan
the pelvis as well as the abdomen as part of the staging
investigation in testicular cancer patients. Involvement
of iliac and inguinal nodes is uncommon and is usually
associated with congenital anomalies[6] . It can be argued
that routine scanning of the pelvis in Stage I patients on
surveillance is unwarranted unless predisposing factors
are present because this practice subjects the patient to
unnecessary irradiation[30].
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Thoracic CT is the most sensitive technique for
the detection of pulmonary metastases and may also
identify nodal spread to the supraclavicular fossa and
mediastinum. Although tiny lung nodules less than 3 mm
in diameter can be demonstrated on CT, a frequent
problem is determining whether these lesions do in fact
represent metastases. One practical approach is to rescan
the patient after an interval of 4–6 weeks to determine
whether there has been any change in size. In this
situation spiral CT (multi-slice or single-slice CT) is
particularly important as it reduces the errors resulting
from mis-registration of CT slices due to irregularities
in breath holding. Positron emission tomography (18F-
FDG-PET) also has an important role in the diagnosis of
equivocal lung lesions.

CT examination of the brain is only indicated in
patients at high risk and in patients with suspected
metastatic brain involvement on clinical grounds. Brain
metastases are usually haemorrhagic and are evident
as lesions of high attenuation on unenhanced scans.
They usually show contrast enhancement following
intravenous injection.

Metastases in other sites, such as the liver and bone,
may be missed if these regions are not carefully reviewed
on the staging scans and this is particularly relevant in
patients with obvious advanced disease in common sites
of spread. Furthermore it is important to question every
abnormality visible on follow-up scans and to refer to
previous CT studies in the same patient so that subtle sites
of relapse are not overlooked.

Chest radiography

Plain chest radiography continues to play a valuable role
in the management of testicular cancer because lung
metastases can be recognised above 1 cm in diameter
and assessed for changes in size during follow-up.
Mediastinal masses can be evaluated as well as pleurally-
based tumour deposits and pleural effusions. Plain chest
films are also useful for the detection of pulmonary
complications of therapy, such as infection.

Magnetic resonance imaging

The role of MRI in the management of testicular cancer is
limited and although it is likely to be equally as accurate
as CT in the detection of retroperitoneal nodal metastases,
its use is constrained by the lack of availability. MRI
is also more expensive than CT and examination of
the lungs is not a practical option. However, since
MRI has the advantage of not utilising X-radiation the
technique may have a place in the imaging strategy of
testicular cancer patients who require multiple follow-up
examinations.

Current indications for the use of MRI include the
detection of brain metastases and the diagnosis of
suspected meningeal disease or spinal cord involvement.

MRI is useful for the detection of soft tissue mus-
culoskeletal metastases based on its superior contrast
resolution. Also MRI can be helpful in the detection
and characterisation of focal liver lesions and in
detecting suspected bone involvement[31]. Major vessel
involvement, such as invasion of the inferior vena cava,
can be well shown by the technique[32]. MRI of the testis
can distinguish seminomas from NSGCT preoperatively
but is less frequently used than ultrasound[33].

Ultrasound

Ultrasound is used as a problem-solver in testicular
tumour patients. For example, ultrasound may pro-
vide critical information in patients who present with
metastatic disease in whom an occult primary tumour
of the testis is suspected, and may also identify the
small number of patients with bilateral synchronous
tumours[34].

Ultrasound is useful in the investigation of focal liver
lesions when staging CT is equivocal. Ultrasound is also
useful for guidance of biopsy of large retroperitoneal
masses, liver lesions or masses in other sites. However,
the retroperitoneum is difficult to visualise due to
overlying bowel gas and intra-abdominal fat and is
therefore not suitable for assessment or biopsy of small
retroperitoneal lesions.

Positron emission tomography

Positron emission tomography (PET) scanning is not
undertaken as a routine staging investigation in patients
with testicular tumours. However, evidence is emerging
which suggests that18F-FDG-PET may identify disease
not detected on staging CT. It may therefore have a
valuable role in defining the site of relapse in patients
with elevated markers but a normal CT examination.
Early reports suggest that PET shows advantages with
respect to sensitivity compared to CT but specificity
is probably similar[35,36]. The inclusion of PET in the
management of patients with testicular cancer has been
shown to alter management in up to 57% of cases.

Monitoring therapeutic response

The purpose of CT during follow-up is to document
the response to therapy as judged by the reduction in
tumour volume (Fig. 3) and to delineate the presence and
extent and sites of residual disease. In NSGCT patients
with demonstrable residua are often treated with surgical
excision of residual masses. In patients with large residual
masses or multiple sites of residual disease, surgery may
be impossible or may need to be carried out in stages.
A combined thoraco-abdominal approach to resect both
lung and intra-abdominal lesions may be performed in
specialised centres. Both CT and MRI have an important
role in determining the operability of these complex
residual masses and in planning the surgical approach.
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In seminoma, surgery is not generally undertaken for
residual disease because the vast majority of residua do
not contain active cancer.

(a)

(b)

Figure 3 Partially cystic and partially solid mass in
a patient with a non-seminomatous germ cell tumour.
(a) Before treatment. (b) Following chemotherapy the
mass has almost completely resolved.

Following therapy for NSGCT masses may become
cystic and if so they may enlarge[37]. Simple residual
cysts with no soft tissue nodules in the wall usually
represent differentiated teratoma whereas residual masses
which are partially solid and cystic often contain
undifferentiated active cancer as well as areas of necrosis,
fibrosis and differentiated tissue. Soft tissue residua
may contain active cancer or be entirely benign but
there is no way of distinguishing these pathologies on
CT. Pure seminoma is highly sensitive to therapy. In
seminoma, residual masses usually contain only fibrosis
and necrosis and frequently show foci of calcification. In
the retroperitoneum the residual mass is usually closely
applied to the aorta and inferior vena cava[38].

In the lungs small pulmonary metastases usually show
complete resolution on CT. However, scars and cavitation
may also be found[39].

18F-FDG-PET can show a reduction in the uptake
of tracer before changes in tumour size have occurred
and therefore this newer modality is already providing
unique information in those centres where it is readily
available (Fig. 4). Positive and negative predictive values
in excess of 90% have been reported in the evaluation of
residual masses[40,41]. Early reports have suggested that

18F-FDG-PET is better at predicting treatment response
to high-dose chemotherapy after two or three cycles
than cross-sectional imaging or serum tumour marker
monitoring.

Figure 4 (a, b) CT demonstrating a large residual
mass involving right retroperitoneal nodes, the psoas
muscle and the vertebral body of L2. (c) PET/CT
clearly shows uptake of18F-FDG in the mass indicat-
ing probable residual active disease after treatment.

Conclusion

Multimodality imaging of testicular tumours has evolved
dramatically during recent years with the advent of multi-
slice CT, MRI and now18F-FDG-PET imaging. All these
techniques frequently have a direct impact on patient
management but CT remains the most important modality
for staging and follow-up of patients with metastatic
disease.
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